A Strategy to Use E-Learning to Disseminate the Benefits of Construction Management Software to Students and Industry - An Australian Initiative by Wall, John et al.
  
 
   COVER SHEET 
 
 
Wall, John and Smit, Debbie and Betts, Martin (2006) A Strategy To Use E-
Learning To Disseminate The Benefits Of Construction Management Software 
To Students And Industry - An Australian Initiative.  In Baldwin, Andrew and 
Heui, Eddie and Wong, Francis, Eds. Proceedings Bear 2006 - Construction 
Sustainability and Innovation. CIB W89 - International Conference on 
Building Education and Research, Hong Kong.
 
Accessed from:  http://eprints.qut.edu.au/archive/00003907 
CIB W89 - International Conference on Building Education and Research – 10-13 April 2006 in Hong 
Kong 
 1
A STRATEGY TO USE E-LEARNING TO DISSEMINATE THE BENEFITS 
OF CONSTRUCTION MANAGEMENT SOFTWARE TO STUDENTS AND 
INDUSTRY - AN AUSTRALIAN INITIATIVE. 
 
John Wall1, Ms. Debbie Smit2, and Prof. Martin Betts2 
 
1Department of Building Technology, Waterford Institute of Technology, Waterford, Ireland  
2Faculty of Built Environment and Engineering, Queensland University of Technology, Australia, PO Box 2434, 
Brisbane, Australia 
 
Abstract: 
The existence of commercially available software such as collaboration platforms and 
Building Information Model (BIM) software offers the opportunity for construction project 
teams to design more cost effectively, to plan construction more effectively, automate 
business processes and manage costs throughout the project life cycle.  However, knowledge 
of the benefits of this software within the industry and its uptake has been quite slow, due to 
a number of factors including a lack of knowledge.  A challenge that needs to be addressed is 
the dissemination of information to the wider construction industry.   An initiative to address 
this at the Queensland University of Technology has resulted in the development of e-
learning modules on collaboration software, BIM and construction management business 
processes as part of the undergraduate curriculum.  These modules ultimately will be offered 
in an e-learning format that will be made available to industry.  A novel aspect of this 
initiative is the development of the prototype e-learning content by students. The issues that 
arose as part of this initiative are outlined with some recommendations for future work. 
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INTRODUCTION 
 
Building Information Model (BIM) software using industry foundation classes (IFC), 
collaboration software and nD construction management software is now commercially 
available and presents the opportunity for construction project teams to design more cost 
effectively, plan construction earlier, manage costs throughout the life cycle of a construction 
project and provide a central asset management register for facilities managers.  Coupled 
with this information and communications technology (ICT) is rapidly changing the way we 
look at and participate in education in universities. 
 
A strategic approach to education in ICT is needed right across the built environment 
university curriculum using a common data environment (CDE). ICT software across all 
phases of an asset life cycle creates the potential to integrate design, construction, and 
operational information processes. Figure 1 illustrates this integration. 
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Figure 1 – Common Data Environment 
 
(Source: http://www.avanti-construction.org/) 
 
THE BIG PICTURE 
 
There may be two steps to an effective education strategy; 
(1) Educating the industry on automating each construction management business 
process e.g. eTender, eEstimating  
(2) Educate the industry on why interoperability of construction management software is 
necessary. 
 
On a large project a fraction of the information is interoperable which results in information 
being incompatible and redundant. We are all wasting a lot of time. Currently, architects pass 
the drawings off to design engineers who add their work but no integration occurs of the data. 
 
All software packages should talk to each other, define a building project and automate the 
construction management business processes in an integrated way. A software 
interoperability solution (standard objects being interlinked) will result in lower expenditures 
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for owners / users and opportunity for the industry to work together. This value adds to 
customers and most importantly will reduce life cycle costs.  
 
If all the information about a building is contained within a single BIM and accessible 
through a model server on the web, it is possible to analyse the BIM, make changes 
automatically, and hand over a model of the building to the facility manager at the end of 
construction of the project. 
 
INTEGRATING ANALYTICAL IFC COMPLIANT SOFTWARE  
 
Suites of analytical software tools are now commercially available to the construction 
industry.  Through a series of meetings with the International Alliance for Interoperability 
(IAI) and the Cooperative Research Centre for Construction Innovation (CRCCI) the 
researchers agreed on a number of modules to formulate e-learning content around.  These 
are outlined in Table 1. 
Table 1 E-learning Modules for Development 
 E-learning 
Module 
E-learning Module Description 
1 Building 
Information 
Model (BIM) 
 
An introductory eLearning module demonstrating the BIM - an 
electronic representation of a building and everything about it from 
initial site condition studies and schematic designs through design 
development decision making, specifications and detail documentation, 
working drawings, as builds, maintenance procedures, and performance 
records. With cross platform software, the BIM database is used at any 
time by the architect, owner, engineers, fabricators, and constructors. 
The database tracks the contributions and decision approvals of each 
part of the building life cycle.  Design – Construction – Operation – all 
along the way the information is added to the model. 
(http://www.aia.org/static/bim/bim.cfm) 
2 Industry 
Foundation 
Classes 
This module explains the purpose of using IT standard definitions 
developed by the IAI to electronically represent all elements of a 
building and the relationship between these elements to support all the 
design, construction, maintenance and operations processes during the 
building lifecycle.   
3 Automated 
Estimating 
A module explaining model-based estimating automating a bill of 
quantities from the IFC compliant BIM which can produce a cost 
estimate. 5D Reporting uses the construction model as the link between 
cost and time. Cost loaded schedules are produced for financial analysis. 
Scheler describes the opportunity to compare fast cost estimates for 
design to actual construction cost  
4 Automated 
Scheduling  
4D Sequencing software automatically linking the BIM to the project 
schedule. Once linked, schedule alternatives can be analyzed and 
communicated and virtual reality models created for visual checking by 
the owner/project team members. 
5 Building services Clash detection software to detect any errors in the BIM. It enables 
identification, inspection and reporting. Mechanical and electrical 
packages are available. 
6 Automated Code 
Checking 
A BIM can be checked to the relevant building codes, standards and 
Disability Discrimination Act.  
6 Environmental 
analysis  
Environmental control software assesses the BIM for automated eco-
efficiency assessment. (energy efficiency)  
7 On Line 
Document 
Management, 
Collaboration and 
Communications  
Web-enabled collaboration platform software used for communicating 
BIM’s and documents within a project. 
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8 FM Management Space management to perform analyses of the corporate portfolio 
including departmental utilization and vacancy, breakdown of space by 
type, leased and owned space, average areas, adherence to planning 
standards, and many other planning and management questions. Since it 
is often easier to convey complex alternatives graphically, analyses done 
within the database can then be illustrated with the floor plans 
9 eTendering Permits Head Contractors, Subcontractors or suppliers to bid within a 
template structure interfacing with estimating software packages.  
Tender responses are sorted and ranked and different requirements can 
be given different weightings by a comparative tool.  A database of key 
suppliers and subcontractors can speed up the tender distribution 
process.  
 
 
The current CRC Construction Innovation / QUT project will provide e-learning modules to 
educate the Architectural, Engineering, and Contractor (AEC) industry and provide an 
education strategy to showcase integrated ICT systems and technologies and commercial 
software and education packages for –  
(a) Collaboration platforms 
(b) 3D Visualisation and Simulation tools showcasing the benefits of IFC compliance  
(c) 3D Building information model (BIM) Environments and 4D planning tools  
(d) Benefits to industry of producing bills of quantities, estimates and code checking 
through BIM’s 
 
Once agreement on the modules to be developed was formulated, research was undertaken 
into the cost of developing e-learning content. 
 
COST OF DEVELOPING E-LEARNING CONTENT 
 
The range of estimates for development of e-learning content vary, from small financial 
resources required to huge financial commitment (Mayer, 2003).  Estimates with regard to 
the development time required to develop one hour of content vary considerably.  Blomeyer 
(2002) estimates that the effort required to develop material typically ranges from 50 to 150 
man hours of development for one hour of instruction with in some cases up to 2,000 hours 
of development for one hour of instruction.  Baker (2002) explored the cost of development 
of e-learning content and found that times range from 200 hours to 700 hours of development 
for one hour of finished development.  Horton (2000) suggests that estimates of development 
for one hour of development between 100 to 600 hours of development are common.  Bersin 
(2003) in a survey of e-learning trends in the United States identified that the costs of 
developing content typically range from $200 to $5,000 per hour of content development.  
These cost estimates were a key consideration in the development of the resources and 
influenced the development strategy adopted. 
 
DEVELOPMENT STRATEGY 
 
The methodology being used in the development of the group assessment is an action 
research / action learning approach.  Typically this consists of an 8-step approach outlined in 
figure 2. 
Figure 1 Model for Action Learning Action Research 
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The eight main components of a structured action research learning programme that uses 
collaborative action research as a methodology for addressing a major problem, issue or 
concern is outlined in table 2. 
Table 2 Action Research Steps 
Step Description of Action 
Problem definition and 
needs analysis 
 Identify the most serious concerns. 
 Explore and decide what is feasible for the group to work on to 
address their concerns. 
Start-up workshop  Key areas to be covered depend on the topic but could include: 
 Vision and team building 
 Introduction to action learning, action research and process 
management 
 Project design, management and evaluation 
 Qualitative research methods 
 Using IT, library resources, electronic databases and bibliographic 
packages 
 Starting the process of project planning. 
Project Work  Action part of the project.  It includes: 
 Data collection 
 Analysis 
 Feedback to participants in the research 
 Collaborative interpretation of the results 
 Ongoing literature review 
 Regular action learning meetings to monitor the progress and 
support the project team 
Midway workshop with 
specialist input 
 Workshop teams will be able to develop a fuller picture of what 
most teams need to complete the project.  It allows the opportunity 
for participants to 
 Request specialist input as needed 
 Share problems and concerns, ask questions, explore answers and 
solutions 
 Discuss “hot” issues and cutting-edge developments 
 Hear from key speakers for focused learning, thought and 
discussion 
 Reflect and self-assess in the light of other participants’ experiences 
and contributions to the workshop 
Project work continued  By this stage the participants should be bringing their action in the 
field – their fieldwork – towards conclusion.  For example this 
could include: 
 Intrepreting results in the light of the literature review 
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 Model and theory building and making tacit knowledge explicit 
 Reflecting on personal and organisational learning 
Concluding workshop  To enable project teams to present and discuss their findings in first 
draft form and reflect  on their learning as well as share their 
problems and possible solutions. 
Preparing for 
presentations and 
publications 
 Oral and written presentations are vehicles for individual and team 
learning, reflection and conceptualisation.  Written reports also 
document the process of organisational learning, development , 
change, innovation and achievement.  The written report may take 
the form of a: 
 Report for an organisation’s executive and or library 
 Newspaper article 
 Conference paper 
 Published refereed paper in a national or international journal 
 Dissertation for a higher degree 
Final presentation and 
celebration 
 Relevant organisation(s), stakeholders and the wider community are 
invited to witness this event and receive brief reports from project 
teams that outline the teams aims, objectives achievements for 
themselves and future plans. 
Source:  Adopted from Zuber-Skerritt (2002) 
 
Two class groups in the Bachelor of Science in Construction Management programme were 
used to develop the modules outlined earlier as part of the action learning process.  These 
were a second year group in Applied Computing (CNB 227) and a final year group in Current 
Construction Issues (CNB 420). 
 
There were 108 students in CNB227 and 30 students in CNB420.  The approach that was 
devised to develop these modules is as outlined in figure 3.  Students were allocated on a first 
come first served basis to each of the topic areas outlined earlier in each of CNB 227 and 
CNB 420. 
Figure 3 Development Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The CNB227 class were divided into groups of 3 or 4 and required to prepare initial learning 
material on the topic assigned to the group.  A review of the initial draft of the material took 
place during weeks 4 and 5 of the semester.  Following on from this review the groups were 
expected to revise the work undertaken in light of the feedback given and to continue to 
develop the material.  This was to be completed by week 11.  The CNB420 group project 
managers were to offer advice, information and motivate the groups assigned to them.  When 
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the work was completed at the end of week 11, CNB420 were to review the material for the 
topic area they were responsible for and to create one overall module based on their 
assessment of the three CNB227 groups.  They were also required to include a strategic 
element in the content they developed.  This was to be submitted by the end of week 13. 
 
FINDINGS TO DATE 
 
The evaluation of the modules / draft e-learning content is currently been undertaken.  Initial 
feedback would indicate that this was a very worthwhile exercise.  From the students 
perspective the CNB 227 group found the development of content in specific domains very 
beneficial.  However, while it was anticipated that the learning material developed would be 
integrated into a dedicated e-learning framework hosted by an external provider, this proved 
to be too ambitious an undertaking in the time available.  Notwithstanding this, all the 
content is now captured in a digital format (i.e. Power Point, web links, digital images and 
typed transcripts to use when developing a voice over for the content). 
 
Using final year students as project managers was not as successful as originally anticipated.  
While they offered some guidance to the CNB 227 group they did not engage actively 
enough in the project management of the second year groups.  The reasons for this may be 
pressure of time commitments, as all these students were working in industry and the fact that 
in terms of the overall module there were a relatively small percentage of the marks assigned 
to this exercise. 
 
FUTURE WORK 
 
A collaborative arrangement between QUT and Waterford Institute of Technology (WIT) has 
been established to bring the existing resources to the next stage of development.  Waterford 
Institute of Technology is the project coordinator on a collaborative European funded project 
titled “Continuing Professional Development for Construction Management”.  The project is 
developing a framework to deploy CPD blended learning programmes aimed at busy 
professionals in the construction industry.  Building on the established linkages between 
QUT and WIT and the overlapping nature of the work being undertaken by both it is 
anticipated that in the medium term the resources developed will be deployed using the 
framework being developed to meet CPD needs using an e-learning resource in conjunction 
with traditional instructional methodologies. 
 
 
 
CONCLUSION 
 
We are all wasting a lot of time using our traditional methods of processing information.  An 
effective education strategy is urgently needed to demonstrate to industry how we can better 
use information and automate construction management processes.  A software 
interoperability solution (standard objects being interlinked) will result in lower expenditures 
for owners / users and an opportunity for industry to work together simultaneously on all 
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aspects of construction management. This value adds to customers and most importantly will 
reduce life cycle costs.  If all the information about a building is contained within a single 
BIM and accessible through a model server on the web, it is possible to visualise all data on 
that building, analyse the BIM, make changes automatically, and hand over a model of the 
building at the end of construction of the project.  The joint WIT / QUT venture showcases 
this to industry. 
 
BIBLIOGRAPHY 
 
Baker K., E-Learning Myths and Realities for the IT Professional available to download at 
http://knowledgemanagement.ittoolbox.com/document.asp?i=1768 accessed 18th March 2003 
 
Bersin J., 2003 Year in Review: A Summary of E-Learning Trends in 2003 Bersin and 
Associates available to download at 
http://www.elearningresearch.com/Data/Uploads/2003_year_review_1.3.pdf accessed 20th 
April 2005 
 
Blomeyer R., Virtual Schools and E-Learning in K-12 Environments: Emerging Policy and 
Practices North Central Regional Educational Laboratory Policy Issues April 2002 pp1-12 
 
Horton W., Designing Web-Based Training 2000 Wiley 
 
Smit D., Wall J. and Betts M., ICT & Curriculum Design to Bridge The Gap Between 
Industry And Academia – A discussion paper The Construction Research Conference of the 
RICS Foundation – the Australasian Universities’ Building Educators Association 
Conference, and the 3rd CIB Student Chapters International Symposium, 4th to 8th July 2005, 
Brisbane, Australia. 
 
Zuber-Skerritt O. A model for designing action learning and action research programs The 
Learning Organisation Column 9 Number 4 2002 pp 143 – 149 
 
 
 
